A RANGE FINDER FOR PELAGIC BIRD CENSUSING
Use of the line-transect method for the estimation of pelagic densities of seabirds is becoming common. Line-transect models require that the distance to each bird be measured, either radially from the observer or perpendicularly from the transect line (Anderson et al. 1979 ). However, it is difficult to obtain perpendicular distances at sea. Therefore, the radial distance must be estimated at the time of observation. This requires a distancemeasuring device that is (1) small, (2) hand-held, (3) able to measure distances quickly, and (4) accurate within the detection range of most birds. When I began censusing pelagic birds in 1974, I was unable to find a device that conformed to these specifications.
RANGE FINDER DESCRIPTION
A fixed-interval range finder that I designed in 1975 and a continuous-scale model that was built in 1976 are described (Fig. 1) . The latter is an inexpensive slide caliper modified by grinding the jaws thinner, and adding a handle and a larger friction knob on the slide. The range finder is held vertically at arm's length, in either hand, with thumb on the friction knob. The tip of the lower jaw is placed in line with a bird on the water, or on the water directly beneath a flying bird, and the tip of the upper jaw is placed in line with the horizon. The caliper is read and the value recorded. The distance (d) to the bird can be calculated from the equation:
bh +vc where v is the distance from the observer to the visual horizon, h is the height of the observer's eyes above the water, c is the caliper reading, and b is the distance from the observer's eye to the upper jaw of the caliper (Fig. 2) . The derivation of Eq. (1) is given in the Appendix. 
ERROR ANALYSIS

Parameter Estimation and Sources of Error
Eye Height (h).-Eye height is unique for each observer and position on the ship, and it changes as fuel and supplies are expended, when fuel or water is taken on, or when cargo is loaded or unloaded. Thus, h must be adjusted during a cruise to compensate for changes in the ship's displacement. Ocean swells and waves cause h to oscillate around the value used by the observer. Swell and wave heights can vary from zero to several meters, but the amount of variation in h is also affected by the size and heading of the ship, and thus is difficult to measure. A 10% error in h yields an 8.3-10.0% error in d.
Visual Horizon (v).-The following equation can be used to determine v in meters: 
A FIXED-INTERVAL RANGE FINDER
The fixed-zone range finder (Fig. 1) has an upper jaw and several lower jaws. The body is made from wood or plastic with a lengthwise slit. The sheet-metal jaws are attached to the body by screws through the slit. The jaws are fixed in place while the range finder is in use, but can be adjusted by loosening the screws and moving the jaws up or down the slit. 
CONCLUSION
When checked against RADAR, the range finders gave estimates within the error ranges presented and were quick and easy to use. An important exception occurs when high bird density leaves insufficient time between observations to operate the continuous-scale range finder. Because the fixed-interval range finder does not require adjusting a slide or reading a scale when estimating d, it requires less time to operate, and thus can be used at higher densities than can the continuous-scale model. At still higher densities, the observer must mentally estimate radial distance. Use of the fixedinterval range finder quickly enables the observer to make surprisingly accurate mental estimates.
Although use of the range finders will increase the precision of density estimates, the observer should not use them when they may introduce a bias in density estimates. I recommend that the range finders be used above 6-8 m to minimize error in the estimation of d, while staying as low as necessary to avoid missing birds on the transect line. Also, estimates should be made with the fixedinterval range finder or mentally when densities increase to the point that birds may be missed while using the range finder. They should not be used when the horizon is foreshortened by fog, rain, or land, as this will result in a positive bias in the estimate of d, and hence negatively biased density estimates.
Although the continuous-scale range finder is not suitable for aerial censusing, the fixed-interval model can be adapted for aerial use. A hand-held model would be large and slow to use, but marks could be placed on a window or wing strut to mark the distance intervals (Pennycuick and Western 1972).
